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CONFIDLITIAL NPG REPORT NO, 1182
Ballistic Tests in the 5"/38 Caliber Blowout Gun

BARL 4
SYNCPSIS

1« This report covers a group of firings conducted in the 5"/38

- Callber Blowout Gun, The objects of the firings were to determine
the possibility of producing pressure waves in the chamber of the
Blowout Gun and to determine the degrese to whicly breech pressure
records from a standard 5%"/38 caliber gun could be reprcduced in
the Blowout Gun, ‘ ' h

as Two series of rounds were fired in thls test, The first
series of firings were made to esteblish the conditions under waich
pressure waves could be produced in the Blowout Gun, The sccond
series of firings were made to comparc breech pressure curves
obtained from the Blowout Gun with those obtained from s standard
5%/38 gun, with similar cartridge case loading conditions in both
guns, Four different tyres of cexpecriwental primers and one standard
primer werc used in the latter firings.

b. Pressure-time curves werce obtained on gll rounds at the base
of the case and at threc positions along tho chamber of the Blowout
Gun. Included as enclosures to this report are reproductions of
~original oscillograms of pressure-time curvose, brecch nressure-tine
curves from the Blowout Gun and a standard 5"/38 gun using the same
charge and primer snd high spced photographs of primer venting.

2. On the basis of the rcsults obtained on these tests, it is
concluded that:

a. Precssurc waves can be produced in the Blowout Gun, The
wave configuration depcnds on thi: size of thce vent in the gun and
on the type of »nrimer uscd,

b. The wave conflguration obteined in a 5%/38 Calibrer Gun can
be duplicated closcly in the Blowout Gun over a wide range from
"smooth" to "wery rouph" prossurc curves,

¢c. Burning of the propcllent begins in the region of the first

two vent holes in the primer, as detormined from the prossurc-time
data and high-specd movics of primer venting.
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de For the series of primers used on these tests, the pressure
vaves become more pronounced as the point of ignition is moved
forward in the charge (as the length of the unvented portion of the
prizer tube is increased).

e+ The velocity of the burning front in the charge is directly
proportional to the weight of the black powder used in the primer
tg?e gndtvaried from 900 f/s to 1300 £/s for thae primers used in
this test.
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CONFIDENTIAL NPG REPORT NO, 1182
Ballistic Tests in the 5"/38 Caliber Blowout Gun

INTRODUCTION

1. AUTHORITY:

The tests reported were conducted under Task Assignment NPG-
Re2d-02-1-53 as established by refcrconce (a) and cover portions of
the proposed vnrogram submittcd by the Naval Proving Ground to the
Bureau of Ordnancc in rcference (b),

2. REFEABNCES:

a. BUOHED Conf ltr NP9-Re2d-CNB:aph Sor 44690
of 12 Secp 1952

be. IAVPRCV 1ltr OMI:MIF:msr All/2482-1 Ser 24209
of 11 Dce 1952

¢, NPG Recport No. 829 - "Construction and.Calibration
of a 5"/38 Blowout Gun" ’ .

d. NPG Report No., 940 - "Bgllistic Test of Experimental
Propellants in the 5"/38 Caliber Blovout Gun'

e, NPG Report No. 1033 - "Development of an Ignition System
for the 5"/38 Caliber Gun" and "Tests in Conncetion with
Primer Rcscearch and Development™

3. BACKGROUND:

The 5"/38 Caliber Blowout Gun was designed, constructed and
instrumented for usc in investigations of ignition and carly
burning charactcristics of cxperimental and production propellants.

The construction of the gun was described in referonce (e) and
the results of preliminary cxploratory firings werc rcported in
reference (d)., In referonce (b) the Naval Proving Ground proposcd
a research program consisting of the following:

Phase At To determine the conditions which will produce pres~
sure waves in the Blowout Gun, similar to the pressure waves pro-
duced in a standard 5"/38 gun, when similar charges are fired in
both guns,

Phase B: Propellant ignition research and development,

Phase C: Propellant research and development.

CONFIDENTIAL
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Phase D: Correlation betvwean firings in the blowout gun and
a regular 5"/38 weapon.

Although the tests reported here were conducted primarily to
determine tho possibility of w»roducing weves in the Blowout Gun, =s
proposed under phase A, they have also yieldad data relevant to
phases B and D.

4, OBJECT OF TEST:

The primary objoctives of the tests covered in this report
weres

as. To determine the possibility of producing pressure waves
in the Blowout Gun,

b. To correlate firings in thoe Blovout Gun with 5"/38 gun
firings in which the only wvariable was the type of »rimcr used.

A sccondery objective, which arose upon precliminary analysis
of results, was to determine what information relative to ignition
could be derived from the pressure-time records.

5. PERIOD OF TEZST:

a. Date Firing Began . 2 Fob 1653
b. Datec Firing Complcted 27 ¥ay 1953
CONFIDENTIAL
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PART C
DETAILS OF TEST

6. DESCRIPTION OF ITEMS UNDER TEST: | R .
a. 95"/38 Blowout Gun:

Egsentially the Blowout Gun consists of thc breech ssction
of a 5"/38 gun barrel cut off approximately 15" in front of the
chamber, The forwsrd or muzzlc cnd of the Blowout Gun is modified
to hold a rupture (blowout) disc at the position of projoctile
seating in a normal gun., Tho broech end consists of a breech cap
fitted for firing an clectric primer. The Blowout Gun chamber is
drilled to allow for the ingertion of three dynamic pressure gages
at 3", 14" and 25" from the breech respectively. More complete
details regarding the design of the Blowout Gun will be found in
reference (c).

b. Charge:

... The charge used in these tests was 15.53 1lhs of NPFB-234
at 90°F. The powder, charge weight and loading 1s the same as that
used in a standard 5"/38 gun. .

ce Primer:

The primers used in these tests were XCM-1l, XCDB 15/300,
ACDB 75/400, XCDB 24/500 and XCDB 30/400, The design and loading
characteristics of these primers will be found in Table I, Appen-
dix (A),of this report, The XCM-1l primer is identical to the Mk 46
standard primer,

7. DESCRIPTION OF TEST EQUIPMENT:

A new set of pressure gages, incorporating improvements over
the original gages designed for the gun, were constructed during
the initial firings of the test, ~ '

The dynamic pressure gage consists of a short pressure sensitive
ferruls with a 500 ohm strain gage attached circumforentially for
the sensing element. The oscilloscopes have built-in D, C, ampli-
ficrs which have a frequency response from 0=50,000 ceD.S. 20,5
decibel and have a gain of 25,000, The drum camera has a contin-
uously adjustable speed from 5-1800 rpm.

CONFIDENTI AL
SECURITY INFORMATION 6
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8. PROCEDURE:

The first series of rounds were fired to determine the dimen-
sions of the blowout disc which would best duplicate the early
stages of the pressure history at the breech of a standard 5"/38
gun, Pressure-time curves from the 5"/38 gun, firing 15.53 lbs of
NPFB-234 powder with the XCM-1ll primers, were used as a standard,
and the same charge was fired in the Blowout Gun in this seriles,
The two possible variations in the disc dimensions were in dise
diameter and disc thickness. A brief description of the results
obtained with various discs follows: &

a. 49%95 Disc:

A number of rounds were fired in which the discs were 4%5
in diameter with thickness varying from O%050 to O¥150 in increments
of ¥025. Maximum breech pressures increased correspondingly from
11,000 psi to 13,000 psi. A pressurc "step" of 10,000 psi appeared
in all of these roundse. This "step" was very similar to the one -
appearing in the 5"/38 standard gun firing mentionzd above. However,
indications werc that better duplication could be obtained with a
disc of smaller diamcter. :

b. 3%5 Disc:

Several rounds were fired using discs 3%5 in diameter and
O¥050 and 0Y075 in thickness. Maximum breech pressures vere approx -
imately 22,000 psi with both of these disecs, Three distinct pres-
sure "steps" appeared on the breech pressure trace., Each of these
"gteps" occurred in the same time relationship as the "steps"
observed in the 5"/38 standard gun firing mentioned above, the first
"step" in the breech pressure of the Blowout Gun being almost iden-
tical to that of thc standard gun,

ce 3%0 Disc:

Two rounds were fired in which the disc was 3%¥0 in diameter
and OY050 in thickness. The maximum breech prressure was 36,000 psi.
Only one pressure "step" appeared in the initial region of the
breech pressure history.

d. 3%5 Vent Hole:

A study of the results obtained from the above discs indi-
cated that the 395 diameter disc was best for the objectives of this
test. However, it was noted that disc thickness did not affect the
pressure curves appreclably and thus 1t was decided to fire a few

CONFIDENTIAL
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rounds in which a 39Y5 dlameter vent hole was used in place of the
disc., The pressure curves from these firings were very similar to .
pressur: curves from firings in which 3%¥5 diamcter and OY050 thick
discs werc used. Appendix (C), Figure 8 contains breech pressurc-
time curves showing the similarity between the results obhtainecd
from using a 395 x %050 disc and a 3%5 vent hole,

Theo second phase of the tests were conducted to investigate
the degree to which pressure-time historics of actuasl gun firings
could be simulated in the Blowout Gunes In conncction with a primer
research and develonment project conducted at the Naval Proving
Ground in the 5"/38 Gun, a seriesof breoch pressure curves varying
from "smooth" to "very rough" had been obtained with NPFB-234 powdoer
" by varying only the typoc of primer., Thesc curves were published in
reference (e). Five experimental primers werc seloctcd from this .
group and two rounds using cach primer werc fircd in the Blowout Gun,
Reproductions of the prossure-time oscillograms ohtained from those
firings aro contained in Appendix (B), Figurcs 1 through 5. The
primers selected (their tesignations and characteristics are given
in Appendix (4), Table I) had given "smooth" to "very rough" pres-
sure curves in the 5"/3% Gun, _

A 3Y¥5 diameter vent was used in all of these firings. The
degrees to which actual gun firings were simulated will be seen by
examining Figures 9 through 13 of Appendix (C). In these figures,
breech pressure curves from the gun and the Blowout Gun are combined
on a single plot for each type of primer.

9. RESULTS AND DISCUSSIONS:

[

a. Blowout Gun:

The first series of firings in this test demonstrated that
pressure waves could be produced in the blowout gun., It was further
found that the wave configuration was determined more by the blowout
disc diameter than by 1ts thickness, and that comparable results
were obtained without a disc by varying the vent diameter. This
latter method saves considerabls time and effort in firing the gun
by elimineting the need to replace the disc aftor cach round,

b. Pressure Curves:

The firings of the second phcose confirmed the results given
above for the flrst phase and indicated that tiie wave configuration
of actual gun firings conld be simulated in the blowout gun over a
wide range from "smooth" to "very rough" pressure curves. In com-
pering the pressure curves from the Blowout Gun end the 5"/38 Gun
(Figures 9 through 13, Appendix (C), it is noted that:

CONFIDENTIAL
SECURITY INFORMATION 8




o -
A v J?
N . }

.

CONFIDHENTIAL NPG REPORT NO, 1182
Ballistic Tests in the 5"/38 Crliber Blowoui Gun

------------- wh @ @ W® m B Wm W W wm W W WP w M W E» S @ s W

(1) The first pressure "steps" in both guns agree with one
another very closely in botH magnitude of pressure and time of
occurrence, '

(2) The three major pressure steps in both guns occur in
phase with each other when both curves are plotted from the same
reference point (the start of rise of breech pressure was used as
the time of reference) and have the same pattern.

(3) The oscillograms from the gages located at 3", 14" and

25" from the breech of the Blowout Gun show that the pressure "steps"

are least pronounced at the 14" vosition (see photographs in Appen-
dix (B), Figure 1 to Figure 5). These records have not been con-
verted to pressure but are all presented vwith their respective
calibrations, The pressure gages have been changed from location to
location at times during the program, obviating the posgsibility of
performance peculisr to one gage. The pressure "steps" recorded at
the 25" position are displaced in time from those recorded at the 3"
position, suggesting travel of the "steps" as a wave, or waves,
between breech and muzzle of the Blowout Gun. The low amplitude of
the "steps" at the 14" position relative to those at the 3" and 25"
position may be the result of the phenomenom of the doubling of the
pressure of a traveling wave at rcflecting surfaces., At this
writing no attempt has becn made to analyze these waves or "steps",

ce I uition Studics:

By considering thc relative times at vhich pressures were
first recorded at the threc gage positions along the chamber, it was
determined that burning of the propellant began in the region of the
first two vent holss in tho primer for 211 but one of the primers
used in this test, This is in agroement with high speed movies of
primer venting. Appendix (B), Figure 6 contains photographs showing
the venting of an XCM-1l primer,

The one exception was the XCDB 24/500 primer. Using this
primer the pressure records indicated that burning of the propellant
began just forward of the -end of the extension tube. Photographs
of this primer also showed venting occurring at the end of the tube
coincldent with that at the vent holes, but with a greater volume of
gas issuing from the end than through the holes. Appendix (B),
Figure 7, contains photographs showing the venting of this primer.
The extension tube of this primer is 18" in length with 15" of
unvented length.

CONFIDENTIAL
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The velocity of the burning front for the primers used in
these tests ranged from 900 f/s to 1300 f/s as measurad over a
distance of 11" between two chamber gage positions. Also, the
velocity of the burning front is directly proportional to the welght
of the black powder used in the primer tudbes, .

PART D
CONCLUSIONS

10. On the basis of the results reported here, it is concluded that:

a. Pressure waves can be produced in the Blowout Gun. The wave
configuretlon depends on the size of the vent hole in the gun and on
the type of the primer usecd.

b. The wave configuration obtained in a 5"/38 Calidber Gun can
be duplicated closely in the Blowout Gun over a wide range from
"smooth" to "very rough" pressure curves,

¢e Burning of the propellant was determined from the pressure-
time curves to begin in the region of the first two vent holes in
the primer. ‘ ‘

d. For the series of primers used on these tests, the pressure
waves become more pronounced as the point of ignition moved forward
in the charge (as the length of the unvented portion of the primer
is increased), '

e. The velocity of the burning front in the charge is directly
proportional to the weight of the black powder used in the primer
tube and varied from 900 £/s to 1300 f/s for the primers used in
this test. :

CONFIDENTIAL
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